We evaluated the prevalence, awareness, treatment and control of hypertension in Korean adults with diagnosed diabetes using nationally representative data. Among subjects aged X30 years who participated in the Fourth Korea National Health and Nutrition Examination Survey in 2007 and 2008, a total of 745 subjects (336 men and 409 women) with a previous diagnosis of diabetes mellitus were analyzed. The prevalence of hypertension in adults with diagnosed diabetes was 55.5%. The rates of awareness, treatment and control were 88.0, 94.2, and 30.8%, respectively. Compared with the general population, the prevalence of hypertension in adults with diagnosed diabetes was higher in all age groups in both genders. Factors independently associated with a high prevalence of hypertension included being male, increasing age, single, o9 years of education, the presence of chronic kidney disease risk, hypercholesterolemia (X240 mg dl À 1 ) and high body mass index (X25 kg m À 2 ). Regular medical screening was positively associated with hypertension control, whereas a high triglyceride level (X150 mg dl À 1 ) was inversely associated. A high prevalence and a low control rate of hypertension in adults with diagnosed diabetes suggest that stringent efforts are needed to control blood pressure in diabetic patients.
INTRODUCTION
Cardiovascular diseases (CVDs) are life threatening and carry great socioeconomic costs in industrialized countries. 1 CVDs are associated with several modifiable risk factors such as physical inactivity, smoking, obesity, hypercholesterolemia and hypertension.
2-4 Diabetic individuals with hypertension are at increased risk of CVD. 5 Coronary artery disease is far more common in diabetic hypertensive patients than in those suffering from hypertension or diabetes alone. 6 It has also been reported that higher the systolic blood pressure (BP), greater is the absolute excess risk for cardiovascular mortality among diabetic patients. 7 Adequate BP control in diabetic patients is crucial to reduce the cardiovascular mortality and morbidity due to diabetic hypertension. One study demonstrated that patients with tightly controlled hypertension and diabetes due to treatment experience reduced microvascular and macrovascular complications, such as peripheral vascular disease, myocardial infarction and stroke, by B34%. 6 Moreover, an approximately three-fold lower cardiovascular mortality rate has been observed for diabetic patients with controlled hypertension when compared with patients with uncontrolled hypertension. 8 The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC 7) emphasized the need for diabetic patients to maintain their BP below 130/80 mm Hg. 8 However, many studies consistently demonstrate that most diabetic patients do not achieve the recommended controlled BP. 9, 10 To prevent and reduce the CVD risk, it is important to understand the current prevalence and management of hypertension in the diabetic population. However, there are no nationally representative relevant data among diabetic adults in Korea.
The purpose of this study was to investigate the prevalence, awareness, treatment and control of hypertension among adults diagnosed with diabetes mellitus using the data from the Fourth Korea National Health and Nutrition Examination Survey in South Korea. We also compared the prevalence and management of hypertension between adults with diagnosed diabetes and the general population of adults without diagnosed diabetes.
METHODS

Study population
This study was based on data obtained in the first (2007) and second years (2008) of the Fourth Korea National Health and Nutrition Examination Survey (KNHANES VI), a cross-sectional and nationally representative survey of the non-institutionalized Korean civilian population conducted by the Korea Centers for Disease Control and Prevention. 11 A rolling survey sampling method with a stratified, multistage probability sampling design was applied to ensure an independent and homogenous sampling for each year in addition to nationally representative sampling. Moreover, we selected diabetes among national wide population including population. The diabetic subjects could be representative for total population.
Sampling units were defined based on data collected from household units by the 2005 National Census Registry, including age, sex and geographic region. Totals of 100 and 200 sampling units in 2007 and 2008, respectively, were selected using a systematic sampling method from the 264 186 primary sampling units, each comprising B60 households. In other words, the target survey households were selected through a threestage probability sampling procedure with stratified sampling considering the region, administration district and type of residence (apartment or house). To produce an unbiased national estimate, a sample weight was assigned for the participating individuals to represent the Korean population, reflecting the unequal probability of selection, nonresponse adjustment and adjustment to population structure. The survey comprised three parts: a health interview survey, a health examination survey and a nutrition survey. Extra details regarding the study design and methods are provided elsewhere.
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Among the 9146 subjects aged X30 years who completed both a health interview survey and a health examination survey in 2007 and 2008, a total of 736 (8.1%) known diabetic subjects (334 men and 402 women) were included in this study. Participants were considered to be known diabetic if they had been diagnosed previously by a health care professional or if they were receiving insulin or oral diabetic medications. All of the participants signed an informed consent in this survey. This study was approved by the Institutional Review Board of the Catholic University of Korea.
Measurements
All subject measurements were performed by trained examiners. Information regarding the demographic status and health-related characteristics was collected during the health interview survey and included the following: age, education, household income, occupation, residential area, living without a spouse (single), medical screening in the 2 years prior to survey completion, a history of CVD or stroke, the duration of diabetes, treatment of diabetes and the use of antihypertensive medication. In addition, lifestyle characteristics including smoking, drinking alcohol and exercise were investigated using self-administered questionnaires. The education level was split into two groups: p9 years and 49 years. Household income was divided into quartiles, and the lowest quartile was the lowest income class. Residential area was categorized into rural and urban based on the primary administrative district where this survey was conducted. Smoking status was categorized into two groups, as ever smoker and nonsmoker. Alcohol consumption status was classified into two groups as non-to-moderate drinker (o30.0 g alcohol per day) and heavy drinker (X30.0 g alcohol per day), after converting the average frequency and amount of alcoholic beverages into the amount of pure alcohol (in grams) consumed per day. Regular exercise was designated as 'yes' when the subject reported moderate exercise for more than 30 min at a time and more than five times per week or vigorous exercise for more than 20 min at a time and more than three times per week on a regular basis.
Waist circumference was measured to the nearest 0.1 cm in a horizontal plane at the level of the midpoint between the iliac crest and the costal margin at the end of a normal expiration. BMI was calculated as the individual's weight in kilograms divided by the square of the individual's height in meters. BP was measured three times on the right arm while the individual was at rest in a seated position for at least 5 min using a mercury sphygmomanometer (Baumanometer; Baum, Copiague, NY, USA). The final BP value was obtained by averaging the values of the second and third BP measurements.
Blood samples were obtained in the morning following at least an 8-h overnight fast. The serum concentrations of glucose, high-density lipoprotein cholesterol, triglycerides and creatinine were measured using a Hitachi automatic analyzer 7600 (Tokyo, Japan). HbA1c was measured using a HLC-723G7 (Tosoh, Tokyo, Japan) in 2008.
Definitions
Hypertension was defined as an average BPX140/90 mm Hg or if the subjects were taking antihypertensive medication. Awareness of hypertension was defined as hypertensive subjects who responded positively to the question, 'Have you ever been diagnosed with hypertension by a doctor?' Subjects were considered to be treated if they were currently using antihypertensive medication among those aware of their hypertension. Hypertension control was defined as an average BPo140/90 mm Hg in the general population and an average BPo130/80 mm Hg in adults with diagnosed diabetes. 12 In addition, two different denominators were applied to define controlled hypertension: (1) all subjects with prevalent hypertension and (2) subjects undergoing treatment. The presence of chronic kidney disease was defined as a reduced glomerular filtration rate of o60 ml min per 1.73 m 2 using the Modification of Diet in Renal Disease formula. 13 
Statistical analysis
Subject characteristics are presented as frequency percentages (s.e.'s) for categorical variables. The proportions of subjects with hypertension, awareness of their condition, receiving treatment, or with controlled BP were ascertained for selected socioeconomic, lifestyle and comorbidity factors. A multiple logistic regression analysis was used to assess the factors associated with prevalence, awareness, treatment and control of hypertension. Thus, the presence or absence of each index was regarded as the dependent variable. Variables with a Po0.1 in the univariate test were selected as candidates for the multivariate model along with age and sex. Statistical analyses were performed using the SAS (Version 9.2; SAS Institute, Cary, NC, USA) survey procedure to account for the complex sampling design and to provide nationally representative prevalence estimates. A P-value o0.05 was considered statistically significant.
RESULTS
Prevalence, awareness, treatment and control of hypertension in adults with diagnosed diabetes
The prevalence of hypertension in adults with diagnosed diabetes was 55.5%. A high proportion of hypertensive diabetic adults were aware of their hypertension diagnosis (88.0%). In addition, a high proportion of hypertensive diabetic adults who were aware of their hypertension were treated (94.2%). However, the hypertension control rate was very low among both all-hypertensive subjects (30.8%) and treated-hypertensive subjects (36.9%) ( Table 1 ). In the general population, the prevalence, awareness, treatment and control among all-hypertensive subjects as well as control among treated subjects were 24.9, 60.6, 86.2, 36.7 and 70.3%, respectively. Hypertension was more prevalent in adults with diabetes than in the general population in all age groups and for both genders. Hypertension was progressively more prevalent with increasing age in both diabetic adults and the general population (both P for trend o0.0001). However, the prevalence of diabetic women 450 years of age was abruptly increased compared with diabetic women o50 years of age, which may relate to the age of the menopause transition ( Figure 1 ). Figure 2 shows the comparison of awareness, treatment and control of hypertension between adults diagnosed with diabetes and the general population. Overall, the awareness and treatment of hypertension were higher in diabetic adults than in the general population in both genders. Conversely, the hypertension control rate among treated hypertensive subjects in the diabetic population was much lower than in the general population in both genders.
Factors associated with the prevalence, awareness, treatment and control of hypertension Individuals with an older age, lower education, no occupation, single, ever smoking, a history of CVD, diabetes treatment, a high waist circumference, a high BMI, a high triglyceride level, hypercholesterolemia or chronic kidney disease were more likely to have hypertension (Table 1 ). In the multiple logistic regression analysis, male sex, older age, single, nonsmoker, high BMI, hypercholesterolemia and chronic kidney disease were independently associated with hypertension (Table 2) . Hypertension awareness was significantly increased in females, non-to-moderate drinkers, the unemployed, those obtaining regular medical screening, and individuals with HbA1c under 6.5%. Treatment was significantly higher in females and those with low income, living in a rural area, a CVD history and the presence of chronic kidney disease risk (Table 1) . However, in the multiple logistic regression analysis, female sex was the only variable independently associated with treatment, and no variable was associated with awareness (Table 2) . Regarding BP control, regular medical screening and unemployment (housewives included) were associated with significantly higher control rates (o130/80 mm Hg) in hypertensive subjects. The hypertension control rates were significantly lower in those with a high triglyceride level and hypercholesterolemia among both all-hypertensive subjects and treated-hypertensive subjects ( Table 1 ). The multiple logistic regression analysis indicated that regular medical screening and a high triglyceride level were also independently associated with hypertension control (Table 2) .
BP distributions in adults diagnosed with diabetes Among adults with diagnosed diabetes, the prevalence of adequate BP o130/80 mm Hg was 46.8%. Women with diagnosed diabetes had a higher prevalence of adequate BP than men with diagnosed diabetes (52.3 vs 41.8%, P ¼ 0.012). In addition, the proportion of stage 2 hypertension using the JNC-7 criteria (SBPX160 mm Hg or DBPX100 mm Hg) among adults with diagnosed diabetes was 4.6% (3.8% for women and 5.4% for men, P40.05) (Figure 3 ).
DISCUSSION
This is the first study in Korea to analyze the prevalence, awareness, treatment and control of hypertension among adults with diagnosed diabetes from nationally representative data. We observed that B30% of adults with diagnosed diabetes controlled their BP. Additionally, the BP control rate among diabetic adults was low considering the high treatment rate (over 90%). The hypertension awareness and treatment rates were higher, but hypertension control rates were lower in diabetic adults than in the general population for both genders (*Po0.05, **Po0.01).
Specifically, optimal BP control is p130/80 mm Hg according to the American Diabetes Association and JNC7, and these data demonstrate that their current treatment is inadequate. The major finding of our study is that the prevalence, awareness and treatment of hypertension in diabetic patients were higher than those in the general population, whereas BP control was lower in diabetic patients than in the general population. Several European studies showed that the prevalence of hypertension was high in diabetic patients, although the hypertension control rate was low. For example, hypertension was present in 87.7 and 82.8% of diabetic patients, respectively, but the control rates were 5.6 and 14%, respectively. 9,14 A study of Asian populations also showed a high prevalence rate of hypertension such as 84.6% with a control rate of 32.3% among diabetic patients. 15 The Third National Health and Nutrition Examination Survey (1988) (1989) (1990) (1991) (1992) (1993) (1994) in the USA indicated that only 7% of treated patients had a mean BP o130/85 mm Hg. 16 In addition to the higher prevalence of hypertension in diabetic patients, previous studies have demonstrated that the proportion of diabetic patients responding to the BP control treatment is smaller than that of the non-diabetic population and that intensive antihypertensive treatment is more beneficial in diabetic than in non-diabetic hypertensive subjects. Hypertension is 1.5-3-fold more prevalent and receives less intensive antihypertensive therapy in patients with type 2 diabetes than in age-matched non-diabetic adults. 10, 17, 18 In the present study, the overall prevalence of hypertension in diabetic men was higher than that in diabetic women, although women had higher treatment rates (Table 2, Figure 1 ). Interestingly, the prevalence of hypertension in diabetic women abruptly increased during perimenopause at B50 years of age. One study's findings showed that hypertension associated with diabetes was also associated with coronary artery disease in postmenopausal women. 19 Indeed, estrogen deficiency is relatively more prevalent in postmenopausal women with hypertension and diabetes and is associated with an increased prevalence and severity of angiographic coronary artery disease in this patient population. It is likely that hypertension counteracts the protective effect of estrogen on the vasculature. 20, 21 However, these hypotheses require further evaluation.
Strict control of hypertension has been related to reduced complications and mortality from diabetes. 22, 23 Therefore, the JNC-7 emphasizes the need for diabetic patients to control their BP to p130/80 mm Hg. 12 The need for intensive BP control in patients with diabetes has been recognized in clinical practice guidelines. 10 Earlier and more rigorous control of BP may well be the most important therapeutic strategy. 24 Our study demonstrated that hypertriglyceridemia was associated with uncontrolled hypertension, which is consistent with another study. 25 Similar to our study, control of the cholesterol level, including hypertriglyceridemia, is known to be one of the factors associated with BP control and the reduction of CVD events. 26 Diabetic patients are at increased risk of developing CVD, and the risk is multiplied by high serum cholesterol and uncontrolled hypertension. 27 Thus, high cholesterol in adults with diabetes and hypertension should be under strict control to prevent microvascular and macrovascular complications.
As shown in Table 2 , regular medical screening was associated with controlled hypertension. Regular medical screening is important for helping diabetic individuals prevent hypertension progression. 28 Furthermore, early screening and risk factor identification for diabetic complications should be recommended for the prevention of CVD. 28 Public health efforts to reduce CVD risk factors may be useful to clinicians in the effort to improve the outcomes of hypertension control. 29 Therefore, regular and persistent checkups for CVD risk factors, including hypertension in diabetic individuals, may be warranted using public health approaches at both the regional and national levels.
Our study showed that 46.8% of diabetic patients had a BP o130/80 mm Hg, which is higher than the 29.6% reported by the NHANES 1999-2004 in the US. 16 In addition, stage 2 hypertension (SBP X160 mm Hg or DBP X100 mm Hg) in diabetic patients composed 4.6% of the diabetic population in our study. In contrast, NHANES III showed that 14.6% of diabetic hypertensive patients had stage 2 hypertension, even in adults o65 years of age. 30 It is not clear why there is such a large difference in the distribution of BP among diabetic patients between two countries. Differences in the healthcare system or lifestyle characteristics for diabetic patients might explain this phenomenon.
We found that there are relatively high treatment rates in subjects belonging to low income households. This phenomenon may be explained by the Korean health care system and its universal coverage for national health insurance, and free healthcare provided for lower income families. This contributed to improving access to medical care for the lower social class. 31 In addition, the nationwide prevention and management program for hypertension and diabetes provided by public health centers allotted its considerable resources to increase the treatment rate for the lower class. 32 The limitations of our study include its cross-sectional design, and thus, no causal relationships could be obtained. To confirm the relationship between BP control and risk factors, long-term prospective trial studies are necessary. Additionally, we did not assess the absence of a history of hypertensive medication use. In fact, most diabetic patients with hypertension will require multiple drugs for hypertension. 33 Finally, some indexes such as a prevalence of hypertension for women o50 years in Figure 1 and the control rates among all-hypertensive subjects and treated subjects o50 years in Table 1 had a relative standard error 430% due to the small sample size, which made the estimates less reliable.
Nevertheless, the study also had several advantages over other studies. First, this is the first study in Korea to evaluate the association between diabetes and hypertension using representative national data. These findings are in general agreement with the results of other previous studies. The first study in Korea dealing with diabetes and hypertension was based on patients recruited from 41 hospitals in Korea. 34 Nonetheless, the study was focused on outpatients visiting an endocrinology clinic, indicating that the study might not be representative of the population as a whole due to possible selection bias. Second, our results could be important because they suggest that diabetics with hypertension require more attention and an analysis of various risk factors.
In conclusion, according to this large nationally representative survey, the control of hypertension in diabetic patients was not optimal or in line with guideline-provided goals, despite the high prevalence and treatment rate. Thus, there is a need for the intensive treatment of hypertension and the management of lifestyle factors in diabetic patients.
What is known about this topic
Diabetic individuals with hypertension are at increased risk of cardiovascular disease (CVD) and adequate BP control in diabetic patients is crucial to the reduction of cardiovascular mortality. To prevent and reduce the CVD risk, it is important to understand the current prevalence and management of hypertension in the diabetic population, however, there are no national data regarding hypertensive diabetes in South Korea.
What this study adds
This is the first national representative survey that showed that prevalence of hypertension in adults with diagnosed diabetes was higher in all age groups in both genders compared with the general population. The awareness and treatment of hypertension were higher than those of the general population, whereas the hypertension control rate was much lower than that of the general population in both genders. The prevalence of hypertension in adults with diagnosed diabetes (N ¼ 746) was 55.5%. The rates of awareness, treatment and control were 88.0, 94.2 and 30.8%, respectively. Regular medical screening was positively associated with hypertension control, whereas a high triglyceride level (X150 mg dl À 1 ) was inversely associated. 
